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TITLE: METHOD FOR DIGITALLY AND 
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PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 

Prior to the examination of the instant patent application kindly amend the 
enclosed translation thereof as follows: 



PCT/EP00/09?R° „ 

_ 



"Express Mail" mailing label number KT67 1 4 5 3 1 8 1 US 

Date of Deposit March 27, 2002 

I hereby certify that this paper or fee is being deposited with the United States 
Postal Service "Express Mail Post Office to Addressee" service under 37 CFR 
1 10 on the date indicated above and is addressed to the Assistant Commissioner 
of Patents and Trademarks. Washington, D.C. 20231 



IN THE SPECIFICATION : 

In page 1 , please replace the title with the following: 

- METHOD FOR DIGITALLY AND OPTICALLY STORING DATA - 

. Please add an abstract page reading as follows: 

- METHOD FOR DIGITALLY AND OPTICALLY STORING DATA 

ABSTRACT OF THE DISCLOSURE 

A process for the optical writing of optically readable digital information in a two 
dimensional extended storage medium is disclosed. The process is characterized in 
that on account of the optical writing process the surface topography of the storage 
medium is suitable and sufficiently modified for the optical reading process. - 

IN THE CLAIMS: 

Cancel Claims 25 and 26. 

Please amend the claims as follows: 

4. Process according to Claim 1 , in which a storage medium is used and the 
light-active layer predominantly comprises oligomers and/or polymers 
containing dyes that orientate under the action of light, preferably amorphous 
polymers, particularly preferably side group polymers. 

5. Process according to Claim 1 , characterised in that a polymer film whose 
mass density is closely matched to that of the light-active layer is used as 
covering layer. 



Mo-7059 



-2- 



"i! h V 1! Il 1^1! 'i.-Ji " - P - if " i;" "IS * J - H "S H 

,«H-> r...^ j, >,„,r- i<. i- n H*» £ «hf .^tf. «•«*«<- -r>..£ tr... 



6. Process according to Claim 1 , wherein as light-active polymer films side-chain 
polymers, optionally block polymers and/or graft polymers are used, to which 
dyes are bound as side chains via a STQ-spacer (formula I) and 
dimensionally anisotropic groups are likewise bound via a STQ-spacer 
(formula II), wherein formula I has the structure 




in which 

y denotes 1 or 2, 
Mo-7059 - 3 - 



z denotes 0, 1 or 2 and 



X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings, if y and/or z 
denote 2, 

A denotes O, S or N-d- to C 4 -alkyl, 

Q 1 and Q 2 independently of one another denote -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 ) P , - 
(C=0)-, -(O-CO)-, -(NR 5 -CO)-, -(S0 2 )-, -(0-S0 2 )-, -(NR 5 -S0 2 -)-, - 
(C=NR 8 )-, -(CNR 8 -NR 5 )-, -0-C 6 H 5 -COO- or a bivalent radical of the 
formula 




T 1 and T 2 independently of one another denote -(CH 2 ) P -, wherein the chain 
may be interrupted by -O-, -NR 9 -, or -OSiR 10 2 O- and may be 
substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S- or - 
NR 9 -, 

P denotes an integer from 2 to 1 2, preferably 2 to 8, in particular 2 to 4, 
R 9 denotes hydrogen, methyl, ethyl, or propyl , 
R 10 denotes methyl or ethyl, 

R 11 to R 22 independently of one another denote hydrogen or a non^ionic 
substituent, 

X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 , CCI 3 , -COO-C1- to C 4 - 
alkyl or X 4 "-R 4 , 

Mo-7059 - 4 - 



X r , X 2 ' X 3 ' and X 4 ' denote a direct bond, -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 )-, 

-(C=0)-, -(CO-O)-, -(CO-NR 5 )-, -(S0 2 )-, -(S0 2 -0)-, (S0 2 -NR 5 )-, or - 
(CNR 8 -NR 5 )- and 

X 2 ' and X 3< may in addition denote -(C=NR 8 )-, -(N=N)- and at least one of the 
groups X 2 or X 3 ' denotes -N=N-, 

R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, d- to 
C 4 -alkyl, or C 6 - to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote C1- to C 20 -alkyl- 
(C=0)-, C 3 - to C 10 -cycloalkyl-(C=O)-, C 2 - to C 20 -alkenyl-(C=O)-, C 6 - to 
C 10 -aryl-(C=O), d- to C 20 -alkyl-(SO 2 )-, C 3 - to C 10 -cycloalkyl-(SO 2 ), C 2 - 
to C 20 -alkenyl-(SO 2 )- or C 6 - to Ci 0 -aryl-(SO 2 ), wherein 

by the term non-ionic substituents are understood halogen, cyano, nitro, d- 
to C 20 -alkyl, C1- to C 20 -alkoxy, phenoxy, C 3 - to C 10 -cycloalkyl, C 2 - to C 20 - 
alkenyl, C 6 - to Cio-aryl, d- to C 20 -alkyl-(C=O)-, C 6 - to Ci 0 -aryl-(C=O)-, C1- to 
C 20 -alkyl-(SO 2 )-, d- C 20 -alkyl-(C=O)-O-, C r to C 20 -alkyl-(C=O)-NH-, C 6 - to 
Ci 0 -aryl-(C=O)-NH-, d- to C 20 -alkyl-6-(C=O)-, C1- to C 20 -alkyl-NH-(C=O)-, C 6 
to Cio-aryl-NH-(C=0)- or a radical of the formula 



and the alkyl, cycloalkyl, alkenyl and aryl radicals in turn may be substituted 
by up to 3 radicals from the group comprising halogen, cyano, nitro, C1- to 
C 20 -alkyl, C1- to C 20 -alkoxy, C 3 - to Cio-cycloalkyl, C 2 - to C 20 -alkenyl or C 6 - to 
Cio-aryl, and the alkyl and alkenyl radicals may be straight-chain or branched, 




and 
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by the term halogen is understood fluorine, chlorine, bromine and iodine, in 
particular fluorine and chlorine, 

and formula II is described by 

— Sl-T 1 — Q^-X 1 — Ar 1 (- X 2 — Ar 2 }^- Ar 3 )— X 4 (| |} 

wherein the above substituent definitions (formula I) are also valid for 
formula II, with the proviso that none of the groups X 2 ' or X 3 may denote 
-N=N- and R 11 to R 22 may not denote a radical of the formula (VIII). 

8. Process according to Claim 1 , wherein the storage medium on which 
information is to be written has a light-active layer of a thickness between 
0.05 and 1000 pm. 

9. Process according to Claim 1 , wherein the storage medium that is used has 
an optical density at the wavelength of the writing laser of the light-active layer 
of between 0.3 and 20. 

10. Process according to Claim 1 , wherein in the storage medium that is used a 
depression is produced as a change in the surface topography of the light- 
active layer, said depression preferably having a depth of at least 10 nm. 

1 1 . Process according to Claim 1 , characterised in that a depression is produced 
in the storage medium having a width in one direction, measured on the 
original surface, of at least 10 pm. 

12. Process according to Claims 1 , characterised in that the change in the 
surface topography of the storage medium is produced by laser light, 
preferably having wavelengths between 380 nm and 820 nm. 
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13. Process according to Claim 1 , characterised in that the light has an intensity 
of between 150 |jW and 100 mW and is focused on spots having a dimension 
(full half-value width) in a range between 10 nm and 8 urn. 

14. Process according to Claim 1 , characterised in that information can be written 
on storage media whose carrier layer comprises a polymer, preferably a 
thermoplastic polymer, particularly preferably polycarbonate. 

1 5. Process according to Claim 1 , characterised in that a signal deviation is 
written in the storage medium having at least a carrier/noise ratio of 20 dB. 

16. Process according to Claim 1 , wherein information can be written on storage 
media that contain, between the dye-containing layer and the further layer, an 
additional, light-reflecting layer, preferably from the group of metals 
comprising aluminium, silver, gold, particularly preferably from the group 
comprising aluminium and silver, and most particularly preferably aluminium. 

1 7. Process according to Claim 1 , wherein the storage medium on which 
information is to be written has no reflecting layer. 

1 8. Process according to Claim 1 , characterised in that the optical writing process 
is performed with polarised light of variable intensity, produced by a LASER 
with an acousto-optical modulator or by modulation of a LASER diode, and 
the polarisation state of the reflected light is detected in a polarisation optics 
system. 

1 9. Monomers of the formula 




S— T 1 — CP— X 1 — Ar 



(. x *_ Ar 2 -)— (x 3 — Ar 3 -)^-X 4 



(la) 



R 



Mo-7059 



- 7 - 



wherein R 1 denotes hydrogen or methyl and 

the other radicals have the meanings defined in Claim 6, and 

-(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 




x 4 



R 2 »J)A\ / 
11 J 



X 3 ' 



R 22 
R 21 R 



X 3 ' denotes — N=N- or -CO-NH-. 
24. Polymers produced from monomers according to Claim 19. 

The following new claims have been added: 
—27. Monomers of the formula 

Sl-T 1 — Q^X 1 — Ar 1 (- x 2 — Ar 2 -)— (x 3 — Ar 3 -)- 



wherein R 1 denotes hydrogen or methyl and 

the other radicals have the meanings defined in Claim 7, and 

_(X 3 _Ar 3 ) z -X 4 denotes a radical of the formula 

Mo-7059 - 8 - 



-.-n^, -suir- t« « — 5»r m,.r r~ T.ui- rtr -r^f » 1JJ j' „»ai. t u .^ tt.»<„ 



R 20 /) 




J 



D 22 
r21 R 



X 3 ' denotes — N=N- or -CO-NH-. 

28. A method of using the monomers of Claim 19 comprising producing an optical 
storage medium. 

29. The storage medium prepared by the method of Claim 18.— 
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REMARKS 



The present amendment seeks to place the application in better conformance 
with U.S. practice. A page containing an Abstract of the Disclosure is enclosed. 

Entry of the amendment is requested. 



Bayer Corporation 
1 00 Bayer Road 

Pittsburgh, Pennsylvania 15205-9741 
(412) 777-8343 

FACSIMILE PHONE NUMBER: 
(412) 777-8363 

s:/sr/ap0285 
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Respectfully submitted, 
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Attorney for Applicants 
Reg. No. 29,426 



VERSION WITH MARKINGS TO SHOW CHANGES MADE: 

IN THE SPECIFICATION : 

In page 1 , the title has been replaced with the following: 

METHOD FOR DIGITALLY AND OPTICALLY STORING DATA -. 

The following Abstract of the Disclosure has been added: 

- METHOD FOR DIGITALLY AND OPTICALLY STORING DATA 

ABSTRACT OF THE DISCLOSURE 

A process for the optical writing of optically readable digital information in a two 
dimensional extended storage medium is disclosed. The process is characterized in 
that on account of the optical writing process the surface topography of the storage 
medium is suitable and sufficiently modified for the optical reading process. ~ 

IN THE CLAIMS : 

Claims 25 and 26 have been deleted. 

The following claims have been amended as follows: 

4. Process according to [one or more of the preceding claims] Claim 1 , in which 
a storage medium is used and the light-active layer predominantly comprises 
oligomers and/or polymers containing dyes that orientate under the action of 
light, preferably amorphous polymers, particularly preferably side group 
polymers. 

5. Process according to [one or more of the preceding claims] Claim 1 , 
characterised in that a polymer film whose mass density is closely matched to 
that of the light-active layer is used as covering layer. 

Mo-7059 - 1 1 - 



6. Process according to [one or more of the preceding claims] Claim 1 , wherein 
as light-active polymer films side-chain polymers, optionally block polymers 
and/or graft polymers are used, to which dyes are bound as side chains via a 
STQ-spacer (formula I) and dimensionally anisotropic groups are likewise 
bound via a STQ-spacer (formula II), wherein formula I has the structure 




where or or 

in which 



y denotes 1 or 2, 
Mo-7059 
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z 



denotes 0, 1 or 2 and 



X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings, if y and/or z 
denote 2, 

A denotes O, S or N-Ci- to C 4 -alkyl, 

Q 1 and Q 2 independently of one another denote -O, -S-, -(N-R 5 )-, -C(R 6 R 7 ) P , 
(C=0)-, -(O-CO)-, -(NR 5 -CO)-, -(S0 2 )-, -(0-S0 2 )-, -(NR 5 -S0 2 -)-, - 
(C=NR 8 )-, -(CNR 8 -NR 5 )-, -0-C 6 H 5 -COO- or a bivalent radical of the 
formula 

— k y*~ 

T 1 and T 2 independently of one another denote -(CH 2 ) P -, wherein the chain 
may be interrupted by -O-, -NR 9 -, or -OSiR 10 2 O- and may be 
substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S- or - 
NR 9 -, 

P denotes an integer from 2 to 12, preferably 2 to 8, in particular 2 to 4, 
R 9 denotes hydrogen, methyl, ethyl, or propyl , 
R 10 denotes methyl or ethyl, 

R 11 to R 22 independently of one another denote hydrogen or a non-ionic 
substituent, 

X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 , CCI 3 , -COO-C1- to C 4 - 
alkyl or X 4 '-R 4 , 
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X 1 ', X 2 " X 3 ' and X 4 ' denote a direct bond, -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 )-, 

_ (C =0)-, -(CO-O)-, -(CO-NR 5 )-, -(S0 2 )-, -(S0 2 -0)-, (S0 2 -NR 5 )-, or - 
(CNR 8 -NR 5 )- and 

X 2 ' and X 3 ' may in addition denote -(C=NR 8 )-, -(N=N)- and at least one of the 
groups X 2 or X 3 ' denotes -N=N-, 

R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, Ci- to 
C 4 -alkyl, or C 6 - to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote Ci- to C 20 -alkyl- 
(C=0)-, C 3 - to Cio-cycloalkyl-(C=0)-, C 2 - to C 20 -alkenyl-(C=O)-, C 6 - to 
Ci 0 -aryl-(C=O), Ci- to C 20 -alkyl-(SO 2 )-, C 3 - to C 10 -cycloalkyl-(SO 2 ), C 2 - 
to C 20 -alkenyl-(SO 2 )- or C 6 - to Ci 0 -aryl-(SO 2 ), wherein 

by the term non-ionic substituents are understood halogen, cyano, nitro, Ci- 
to C 20 -alkyl, Ci- to C 20 -alkoxy, phenoxy, C 3 - to Cio-cycloalkyl, C 2 - to C 20 - 
alkenyl, C 6 - to Cio-aryl, C r to C 20 -alkyl-(C=O)-, C 6 - to C 10 -aryl-(C=O)-, d- to 
C 20 -alkyl-(SO 2 )-, Ci- C 20 -alkyl-(C=O)-O-, Ci- to C 20 -alkyl-(C=O)-NH-, C 6 - to 
Cio-aryl-(C=0)-NH-, Ci- to C 20 -alkyl-O-(C=O)-, Ci- to C 20 -alkyl-NH-(C=O)-, C 6 
to Cio-aryl-NH-(C=0)- or a radical of the formula 




(VIII) 



and the alkyl, cycloalkyl, alkenyl and aryl radicals in turn may be substituted 
by up to 3 radicals from the group comprising halogen, cyano, nitro, Ci- to 
C 20 -alkyl, Ci- to C 20 -alkoxy, C 3 - to Cio-cycloalkyl, C 2 - to C 20 -alkenyl or C 6 - to 
Cio-aryl, and the alkyl and alkenyl radicals may be straight-chain or branched, 
and 
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9. 



10. 



11. 



by the term halogen is understood fluorine, chlorine, bromine and iodine, in 
particular fluorine and chlorine, 

and formula II is described by 



wherein the above substituent definitions (formula I) are also valid for 
formula II, with the proviso that none of the groups X 2 ' or X 3 may denote 
-N=N- and R 11 to R 22 may not denote a radical of the formula (VIII). 

Process according to [one or more of the preceding claims] Claim 1 , wherein 
the storage medium on which information is to be written has a light-active 
layer of a thickness between 0.05 and 1000 pm. 

Process according to [one or more of the preceding claims] Claim 1 , wherein 
the storage medium that is used has an optical density at the wavelength of 
the writing laser of the light-active layer of between 0.3 and 20. 

Process according to [one or more of the preceding claims] Claim 1 , wherein 
in the storage medium that is used a depression is produced as a change in 
the surface topography of the light-active layer, said depression preferably 
having a depth of at least 10 nm. 

Process according to [one or more of the preceding claims] Claim 1 , 
characterised in that a depression is produced in the storage medium having 
a width in one direction, measured on the original surface, of at least 10 pm. 

Process according to [one or more of the preceding claims] Claims 1 , 
characterised in that the change in the surface topography of the storage 
medium is produced by laser light, preferably having wavelengths between 
380 nm and 820 nm. 



S 1 — T 1 — Q— X 1 — Ar 




(ID 
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13. Process according to [one or more of the preceding claims] Claim 1 , 
characterised in that the light has an intensity of between 150 pW and 100 
mW and is focused on spots having a dimension (full half-value width) in a 
range between 10 nm and 8 (jm. 

14. Process according to [one or more of the preceding claims] Claim 1 , 
characterised in that information can be written on storage media whose 
carrier layer comprises a polymer, preferably a thermoplastic polymer, 

, particularly preferably polycarbonate. 

15. Process according to [one or more of the preceding claims] Claim 1 f 
characterised in that a signal deviation is written in the storage medium 
having at least a carrier/noise ratio of 20 dB. 

1 6. Process according to [one or more of the preceding claims] Claim 1 , wherein 
information can be written on storage media that contain, between the dye- 
containing layer and the further layer, an additional, light-reflecting layer, 
preferably from the group of metals comprising aluminium, silver, gold, 
particularly preferably from the group comprising aluminium and silver, and 
most particularly preferably aluminium. 

17. Process according to [one or more of the preceding claims] Claim 1 , wherein 
the storage medium on which information is to be written has no reflecting 
layer. 

18. Process according to [one or more of the preceding claims] Claim 1 , 
characterised in that the optical writing process is performed with polarised 
light of variable intensity, produced by a LASER with an acousto-optical 
modulator or by modulation of a LASER diode, and the polarisation state of 
the reflected light is detected in a polarisation optics system. 
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19. 



Monomers of the formula 



O 





T 1 — Q— X 1 — Ar 



(la) 



R 1 

wherein R 1 denotes hydrogen or methyl and 

the other radicals have the meanings defined in [claims 6 and 7] Claim 6 , and 
-(X 3 '-Ar 3 ) z -X 4 denotes a radical of the formula 



X 3 ' denotes -N=N- or -CO-NH-. 

24. Polymers produced from monomers according to [one or more of the 
preceding claims] Claim 19 . 

The following new claims have been added: 
-27. Monomers of the formula 




o 




n — Q-^-X 



r 



Ar 



(la) 
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wherein R 1 denotes hydrogen or methyl and 

the other radicals have the meanings defined in Claim 7, and 

_(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 




X 3 ' denotes -N=N- or -CO-NH-. 

28. A method of using the monomers of Claim 19 comprising producing an optical 
storage medium. 

29. The storage medium prepared by the method of Claim 18.- 



Mo-7059 



- 18- 



WO 01/26105 PCT/EP00/09269 

-76- 

METHOD FOR DIGITALLY AND OPTICALLY STORING DATA 

ABSTRACT OF THE DISCLOSURE 

A process for the optical writing of optically readable digital information 
in a two dimensional extended storage medium is disclosed. The process is 
characterized in that on account of the optical writing process the surface 
topography of the storage medium is suitable and sufficiently modified for the 
optical reading process. 
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The present invention relates to a process for the optical writing and also subsequent 
5 optical reading of digital information in a two-dimensional extended storage 
medium. 



It is already known and is commercially intensively utilised to store digital data in 
the form' of local changes in the surface topography, so-called pits, on plastics disks, 

10 in order subsequently to read the digital data using an optical measurement system 
(EP-A 25253). This concept forms the basis of the present-day market-dominating 
technique for reproducing audio recordings (audio-CD) and computer software (CD- 
ROM). It is however not possible to write information optically. Instead, in a costly 
and complicated multi-stage process a mould is produced that transfers the data 

15 information in an injection moulding stamping process onto each individual CD. 
Accordingly this technique is economically viable only in mass production. 

It is also possible to store digital data in the form of local differences in absorption 
capacity for visible light in plastics disks in such a way that the digital data can be 

20 read again using an optical measurement system. This measurement system is 
extremely similar to or indeed identical to the measurement system for reading the 
injection moulding stamped audio-CDs or CD-ROMs mentioned above. In this case 
the plastics disk contains a coating having a dye whose absorption behaviour can be 
so strongly changed by light of a suitable wavelength that this change can 

25 subsequently be scanned using light of a generally lesser intensity without thereby 
also affecting the absorption behaviour of the hitherto unchanged regions (Y.J. Huh 
et al. Jpn. J. Appl. Phys. Vol 36 (1997), p. 7233 - 7238). A commonly available 
CD-R is built up from several layers. Tracking grooves (pregrooves) are stamped in 
the supporting material consisting of, inter alia, polycarbonate, on which supporting 

30 material is arranged a thin dye layer followed by a reflecting layer consisting of, 
inter alia, gold, which is protected by a coating lacquer. 
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In principle various light-induced processes are responsible for the changed 
absorption behaviour of the^CD-R: the writing laser is focused through the substrate 
onto the dye. The light-absorbing dye serves primarily as an absorption source for 
the incident light quanta and is optimised as regards its absorption behaviour to the 
5 laser sources that are used. The dye heats up due to the absorption, melts, and 
thereby modifies its surroundings: bubbles and other deformations that are detected 
by the reading laser as pit-like structures are formed in the interfaces between the 
dye and the polycarbonate substrate and between the dye and the gold. 

10 Contributions from the change in the dye are also involved in the actual signal. The 
optical parameters of the dye are altered by, inter alia, its destruction, which in turn 
affects the read signal. At the present time three types of recording layers are 
mainly used: 

15 - metal-stabilised cyanine dyes (green) 
phthalocyanine dyes (golden-brown) 
azo dyes (blue) 

In all the aforementioned cases the dye simply serves as a heat source, and the pit- 
20 like deformation is not produced in the dye system itself but primarily through a 
modification of the adjacent boundary layers resulting from the changes produced in 
the dye during absorption of light. 

Such storage media can be written on only once but can be read as often as desired 
25 (write once read many: WORM disk), since the intensity of the laser for reading is 
reduced in such a way that the energy absorbed in the dye is not sufficient to induce 
the aforementioned deformations. CD-Rs have two major disadvantages: on the one 
hand the costs of the gold reflecting layer decisively determine the manufacturing 
costs. Gold layers are necessary in order to meet the reflection values required by 
30 the CD specifications. In addition gold layers have the necessary chemical inertness 
(oxidation resistance). The other disadvantage lies in the necessarily limited storage 
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stability. The present-day commercially available systems are highly light-sensitive, 
and if stored in daylight can^ already no longer be written on after only a few hours. 

The object of the invention was accordingly to provide a process that reduces or 
5 eliminates the above disadvantages. 

It has now surprisingly been found that by a suitable choice of material for the two- 
dimensional storage medium data can be written on this storage medium in the form 
of local changes in the surface topography of the dye per se using an optical writing 

10 system and can subsequently be optically read. In this connection the processes 
occurring in the adjacent boundary areas do not play an essential role, and the 
surface topography is affected solely by modifications in the dye system. The 
surface modification is manifested strongly in such a way that, with a suitably 
optimised reading optics system, e.g. in the form of a confocal arrangement, signal 

15 relationships between the measurement at a surface-modified point and a non- 
modified point that are significantly superior to the signal relationships measured in 
conventional CD-Rs, can be achieved also without an additional reflecting layer. 
The new writeable media can thus be used without any additional reflecting layer. 

20 However, as long as the high values for the absolute reflection of the CDs mentioned 
in the specifications (books) of conventional audio-CDs and CD-R have to be set, 
then an additional reflecting layer is also necessary in the storage media according to 
the invention. 

25 The process according to the invention permits the writing of digital information for 
example on CD-R-like plastics disks with writing speeds and storage densities that 
are similar to CD-R, but with the advantage of an assured long-term stability since 
the readability of the written information can be adversely affected only by external 
damage to the storage disk. The written structuring in the surface topography can be 

30 changed only by heating this layer up to the vicinity of its glass transition 
temperature. Due to the polymer architecture the glass transition temperature is 
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significantly greater than 100°C, preferably greater than 150°C, which means that 
thermal deletion can be avoijied by appropriate storage of the storage disk. 

A further advantage of the process according to the invention is the significantly 
improved signal deviation during the optical reading of the information, compared to 
the hitherto commercially used processes. As has already been described above, the 
signal deviation is so large that an additional reflecting layer can be omitted for 
example when using a confocal reading process. 

The invention accordingly describes a storage process in which a storage medium 
comprising at least one substrate layer and at least one recording layer can be 
induced to store digital binary or non-binary information by means of a focused laser 
beam that can be scanned, for example in a continuous or pulsed operation mode, 
over the sample surface and can be focused depending on the layer arrangement in 
the case of multiple layers, onto the respective function layer. Alternatively the laser 
scanning procedure can be omitted if relative movement between the medium and 
laser spot can be achieved in another way, for example by rotating the medium. 

The application accordingly provides a process for the optical writing of optically 
readable digital information in a two-dimensional extended storage medium, 
characterised in that by means of the optical writing process the surface topography 
of the storage medium is suitably and sufficiently modified for the optical reading 
process, and more specifically without significant proportions of the detected signal 
resulting from a degradation and/or a physical or chemical modification of the areas 
adjacent to the active absorber layer. 

As storage medium any single-layer or multi-layer material is suitable that under 
appropriate local illumination by light alters its surface topography in the region of 
this illumination to such an extent that the said region can be uniquely identified by 
suitable optical imaging techniques, for example by means of a confocal laser 
scanning microscope in a remission contrast method. Multi-layer disks with a 
mechanically sufficiently stable substrate, a polymer film as light-active layer and a 
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covering layer that protects the polymer film against mechanical damage during use 
may preferably be mentioned as suitable storage media. Writing can take place both 
through the covering layer as well as through the base disk. Writing through the 
covering layer is preferred. The layer (covering layer, base disk) through which the 

5 writing takes place must be sufficiently transparent for the wavelength of the writing 
light. In the wavelength range from 400 nm to 820 nm a degree of transmission of 
greater than 30%, preferably greater than 80%, and particularly preferably greater 
than 85%, should be achieved. In the wavelength range between 380 nm and 
400 nm a degree of transmission greater than 30%, preferably greater than 50%, and 

10 particularly preferably greater than 75%, should be achieved. 

In the case where the reflecting layer is omitted, a multi-layer storage medium may 
also be formed. The actual storage layers are in this case separated from one another 
by layers that are not light-active. If a reflecting layer is required in order to read the 
1 5 information, then its absorption must be chosen so that in the case of a multi-layer 
storage medium (storage medium with several writeable storage layers) under laser 
irradiation the intensity in the corresponding layers is still sufficient to produce the 
desired modifications. 

20 As material for the light-active polymer film there may preferably be mentioned 
polymers that carry side chains of different types on a main chain acting as 
backbone, at least one type of which can absorb electromagnetic radiation in the 
wavelength range of visible light, i.e. preferably at wavelengths between X = 380 nm 
and X = 820 nm, particularly preferably at wavelengths between X = 385 mn and X = 

25 780 nm, and most particularly preferably at wavelengths between X = 385 nm and X 
- 660 nm. 

The recording material used in the process according to the invention is preferably a 
polymeric or oligomeric organic, amorphous material, particularly preferably a side- 
30 chain polymer, and likewise particularly preferably a block copolymer and/or a graft 
polymer. 
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The main chains of the side-chain polymer are derived from the following basic 
structures: polyacrylate, polymethacrylate, polysiloxane, polyurea, polyurethane, 
polyester, polyamide or cellulose. Polyacrylate and polymethacrylate are preferred. 

5 All side-chain polymers described in the present application and the corresponding 
monomers are also the subject of the application. 

The block copolymers consist of several blocks, at least one type of which contains 
the copolymer systems described in more detail above. The other blocks consist of 
10 non-functionalised polymer backbones that fulfil the task of diluting the functional 
block in order to adjust the required optical density. The dimension of the functional 
block is below the visible wavelength, preferably in the region of less than 200 nm, 
particularly preferably less than 100 nm. 

1 5 The polymerisation of the block copolymers is performed for example by free- 
radical or anionic polymerisation or by other suitable polymerisation processes, 
possibly followed by a polymer-like reaction or by a combination of these methods. 
The uniformity of the systems is in the region of less than 2.0, preferably less than 
1.5. The molecular weight of the block copolymers obtained by free-radical 

20 polymerisation reaches values in the region of 50,000, while values of greater than 
100,000 can be achieved by anionic polymerisation. 

The dyes used in the process according to the invention, in particular the azo dyes, 
are covalently bonded as side-chains to these polymer backbones via a S-T-Q spacer 

25 

— S^T^Qi-X^— A^X^-Ar 2 -} (-X^Ar^-X 4 (0 
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in which 



y denotes 1 or 2, 

z denotes 0, 1 or 2 and 



5 



10 



15 



20 
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X 2 and Ar 2 and/or X 3 and Ar 3 may have different meanings, if y and/or z denote 

2, 

A denotes O, S or N-Ci- to C 4 -alkyl, 

Q 1 and Q 2 independently of one another denote -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 ) P , - 
(OOK -(O-CO)-, -(NR 5 -CO)-, -(S0 2 )-, -(0-S0 2 )-, -(NR 5 -S0 2 -K - 
(C=NR 8 )-, -(CNR 8 -NR 5 )-, -0-C 6 H 5 -COO- or a bivalent radical of the 
formula 



— N N— 



T 1 and T 2 independently of one another denote -(CH2V, wherein the chain may be 
interrupted by -0-, -NR 9 -, or -OSiR 10 2O- and may be substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O, -S- or -NR 9 -, 

P denotes an integer from 2 to 12, preferably 2 to 8, in particular 2 to 4, 



R 9 denotes hydrogen, methyl, ethyl, propyl or C^- to Cjo-aryl-0-(C=0), 



25 R 10 denotes methyl or ethyl, 



R n to R 22 independently of one another denote hydrogen or a non-ionic substituent, 



X 4 denotes hydrogen, halogen, cyano, nitro, CF3, CCI3, -COO-Ci- to C4- alkyl 
30 orX 4 '-R 4 , 



X 1 ' , X 2 ', X 3 ' and X 4 ' denote a direct bond, -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 )-, -(C=0)-, 
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-(CO-O)-, -(CO-NR 5 )-, -(S0 2 )-, -(S0 2 -0)-, (S0 2 -NR 5 )-, or -(CNR 8 -NR 5 )- 
and 

X 2 ' and X 3 ' may in addition denote -(C=NR 8 )-, -(N=N)- and at least one of the 
groups X 2 ', or X 3 ' denotes -N=N-, 

R 4 R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, C,- to C 4 - 
alkyl, or C 6 - to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote C,- to C 20 -alkyl-(C=O)-, 
C 3 - to C 10 -cycloalkyl-(C=O)-, C 2 - to C 20 -alkenyl-(C=O)-, C 6 - to C 10 -aryl- 
(C=0), C- to C 20 -alkyl-(SO 2 )-, C 3 - to C 10 -cycloalkyl-(SO 2 ), C 2 - to C 20 - 
alkenyl-(S0 2 )- or C 6 - to C, 0 -aryl-(SO 2 ). 

Non-ionic substituents are understood to denote halogen, cyano, nitro, C,- to C 20 - 
alkyl, C- to C 20 -alkoxy, phenoxy, C 3 - to C, 0 -cycloalkyl, C 2 - to C 20 -alkenyl, C 6 - to 
Co-aryl, C,- to C 20 -alkyl-(C=O)-, C 6 - to C 10 -aryl-(C=O)-, C,- to 
C 20 -alkyl-(SO 2 )-, C- C 20 -alkyl-(C=O)-O-, C- to C 20 -alkyl-(C=O)-NH-, C 6 - to C 10 - 
aryl-(C=0)-NH-, C,- to C 20 -alkyl-O-(C=O)-, C,- to C 20 -alkyl-NH- 
(C=0)-, C 6 to C, 0 -aryl-NH-(C=O)- or a radical of the formula 




(Vlll) 



The alkyl, cycloalkyl, alkenyl and aryl radicals may in turn be substituted by up to 3 
of the non-ionic substituents defined above, and the alkyl and alkenyl radicals may 
be straight chain or branched. 

The term halogen is understood to mean fluorine, chlorine, bromine and iodine, in 
particular fluorine and chlorine. 



10 



25 



30 
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The polymeric or oligomeric organic, amorphous material used in the process 
according to the invention may in addition to the dyes, for example of the 
formula (I), carry dimensionally anisotropic groupings. These two are, as a rule, 
bound via a spacer to the polymer backbones. 

Dimensionally anisotropic groupings are described by the structure of the formula 
(II) 

— S^T^-O^X^-Ar^— (x 2 -Ar?J (- X 3 -Ar 3 -)— X 4 00 



wherein the above substituent definitions (formula I) are also valid for formula II, 
with the proviso that none of the groups X 2 or X 3 may denote -N=K- and R 11 to R 22 
1 5 may not denote a radical of the formula (VIII). 

The polymers used in the process according to the invention may carry identical or 
different side groups of the formula (I), the radicals in the case where there are 
several different side groups being different, and may also carry no, identical or 
20 different side groups of the formula (II), the radicals in the case where there are 
several different side groups being different. 

Particularly preferred are polymers that carry both side groups of the formula I and 
those of formula II. 



Monomers with dye groups (I) and/or monomers with dimensionally anisotropic 
groups (II) preferably have the formulae (la) and (Ila): 



S^T^^X^Ar^X^Ar^j^X^Ar^-X 4 (la) 




R 1 
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. s 3_ T 2_Q!_ x l_Ar2— (x^-Ai^]— fx 3 -Ar^)— X 4 (Ha) 

wherein R l denotes hydrogen or methyl, and 

the other radicals have the meanings given above for dye groups and dimensionally 
10 anisotropic groups. 

In the process according to the invention polymers are preferably used that contain 
the dye side groups of the formula (I), in which 

1 5 Ar l denotes a radical of the formula (III), 

Ar 2 denotes a radical of the formula (VI), 

Ar 3 denotes a radical of the formulae (VII) or (V), 

20 

y denotes 1 or 2, 

z denotes 0, 1 or 2 and 
25 X 2 and Ar 2 and/or X 3 and Ar 3 may have different meanings if y and/or z denote 2, 

A denotes OorS, 



30 



Q l and Q 2 independently of one another denote -O-, -(N-R 5 )-, -(C=0)-, -(OCO)-, 

-( NR 5 -CO)-, -(S0 2 )-, -(OSO2K -( NR 5 -S0 2 -K -0-C 6 H 5 -C00 or a bivalent 
radical of the formula 
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5 T 1 and T 2 independently of one another denote -(CH 2 ) P - wherein the chain may be 
interrupted by -O-, -NR 9 -, or -OSiR l0 2 O- and may be substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S-, or -NR 9 - 

1 0 p denotes an integer from 2 to 8, in particular 2 to 4, 

R 9 denotes hydrogen, methyl or ethyl, 

R 10 denotes methyl or ethyl, 

15 

R n to R 22 independently of one another denote hydrogen, halogen, cyano, nitro, Cj- 
to C20-alkyl, Cj- to C 2 o-alkoxy, phenoxy, C3- to Cio-cycloalkyl, C 2 - to C20- 
alkenyl, C 6 - to C 10 -aryl, C r to C 20 -alkyl-(C=O)-, C 6 - to C l0 -aryl-(C=O)-, C,- 
to C 2 o-alklyl-(S0 2 )- 5 C r to C 20 -alkyl-(C=O)-CK C r to C 2 o-alkyHC=0)- 
20 NH-, C 6 - to Cio-aryl-(C=0)-NH-, C r to C 20 -alkyl-O-((>O)-, C,- to C 20 - 

alkyl-NH-(C=0)-, C 6 - to C, 0 -aryl-NH-(C=O)- or a radical of the formula 



25 




(VIII) 



X 4 denotes hydrogen, halogen, cyano, nitro, CF3, CCI3, -COO-Ci to C4-alkyl or 
X 4 ' -R\ 

30 

X 1 *, X 2 ', X 3 ' and X 4 ' denote a direct bond, -O-, -(N-R 5 )-, -C(R 6 R 7 )-, -(C=0)-, 
-(CO-O)-, -(CO-NR 5 )-, -(S0 2 )- or (S0 2 -0)- and 
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X 2 and X 3 may in addition denote -(N=N)- and at least one of the groups X 2 or X 3 
denotes -N=N-, 

R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, Ci- to C 4 alkyl, 
5 or C 6 - to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote Ci- to C 20 -alkyl-(C=O)-, 
C 3 - to C i0 -cycloalkyl-(C=O)-, C 2 - to C 20 -alkenyl-((>OK C 6 - to Cio-aryl- 
(C=0)-, C- to C 2 o-alkyl-(S0 2 )-, C 3 - to Ci 0 -cycIoalkyl-(SO 2 K C 2 - to C 20 - 
1 0 alkenyl-(S0 2 )-, or C 6 - to C 10 -aryHSO 2 )-. 

Also, there are preferably used in the process according to the invention polymers 
that contain, in addition to dye side groups of the formula (I), dimensionally 
anisotropic side groups of the formula (II), 



15 



in which 



Ar 1 denotes a radical of the formula (III), 



20 At 2 denotes a radical of the formula (VI), 



Ar 3 denotes a radical of the formulae (VII) or (V), 
y denotes 1 or 2, 
z denotes 0, 1 or 2 and 

X 2 and Ar 2 and/or X^ and Ar 3 may have different meanings if y and/or z denote 2, 
30 A denotes O or S, 



25 



Q 1 and Q 2 independently of one another denote -O, -(NR 5 )-, -(C=0)-, -(O-CO)-, 
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-( NR 5 -CO)-, -(S0 2 )-, -(O-SO2)-, -( NR 5 -S0 2 -)-, -0-C 6 H 5 -COO- or a bivalent 
radical of the formula 




T 1 and T 2 independently of one another denote -(CH 2 ) P -, wherein the chain may be 
interrupted by -O-, -NR 9 -, or -OSiR 10 2 O- and may be substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S-, or -NR 9 - 

p denotes an integer from 2 to 8, in particular 2 to 4, 

R 9 denotes hydrogen, methyl or ethyl, 

R 10 denotes methyl or ethyl, 

R 11 to R 22 independently of one another denote hydrogen, halogen, cyano, nitro, G- 
to C 20 -alkyl, G- to C 20 -alkoxy, phenoxy, C 3 - to Go-cycloalkyl, C 2 - to C 20 - 
alkenyl, C 6 - to C, 0 -aryl, C r to C 20 -alkyl-(C=O)-, C 6 - to C, 0 -aryl-(C=O)-, C- 
to C 20 -alkyl-(SO 2 )-, C- to C 20 -alkyl-(C=O)-O-, C,- to C 20 -alkyl-(C=O)-NH-, 
C 6 - to C 10 -aryl-(C=O)-NH-, C,- to C 20 -alkyl-O-(C=O), C,- to C 20 -alkyl-NH- 
(C=0)-, or C 6 - to C 10 -aryl-NH-(C=O)-, 

X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 , CC1 3 , -COO-G to C 4 -alkyl or 
X 4 "-R 4 , 



X 1 ', X 2 ', X 3 ' and X 4 ' denote a direct bond, -O-, -(N-R 5 )-, -C(R 6 R 7 )-, -(C=0)-, 
-(CO-O)-, -(CO-NR 5 )-, -(S0 2 )- or (S0 2 -0)-, 
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R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, Ci- to C 4 -alkyl, 
or C 6 - to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote Ci- to C 2 o-alkyl-((>0)-, 
C 3 - to Ci 0 -cycloalkyl-(C=O)-, C 2 - to C 20 -alkenyMC=O)-, C 6 - to Cio-aryl- 
(C=0)-, Ci- to C 20 -alkyl-(SO 2 )-, C 3 - to Ci 0 -cycloalkyl-(SO 2 )-, C 2 - to C 20 - 
alkenyl-(S0 2 )-, or C 6 - to C, 0 -aryl-(SO 2 )-. 

Particularly preferred are polymers according to the invention that contain the dye 
side groups of the formula (I), 

in which 

At 1 denotes a radical of the formula (III), wherein the two bonds are in the p- 
position, 

Ar 2 denotes a radical of the formula (VI), wherein the two bonds are in the p- or 
m-position, 

Ar 3 denotes a radical of the formulae (VII) or (V), wherein the two bonds in 
(VII) are in the p-position, 

y denotes 1 or 2, 

z denotes 0, 1 or 2 and 

X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings if y and/or z denote 2, 
A denotes O or S, 

Q 1 and Q 2 independently of one another denote -O-, -(N-R 5 )-, -(OO)-, -( NR^-CO)- 
or -0-C 6 H 5 -COO- 
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T 1 and T 2 independently af one another denote -(CH 2 ) P -, 

S l and S 2 independently of one another denote a direct bond, -O- or -NR 9 -, 

p denotes an integer from 2 to 8, in particular 2 to 4, 

R 9 denotes hydrogen or methyl, 

R u to R 22 independently of one another denote hydrogen, halogen, cyano, nitro, 
methyl, methoxy, phenoxy, phenyl, acetyl-, benzoyl-, CH 3 -(S0 2 )-, CH 3 - 
(OO)-O-, CH 3 -(C==0)-NH-, CH 3 -NH-(C-0)- or a radical of the formula, 




(VIII) 



X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 or X 4 -R 4 , 

X 1 ', X 2 ', X 3 ' and X 4 ' denote a direct bond, -O, -(N-R 5 )-, -(C=0)-, 
-(CO-NR 5 )- or -(S0 2 )- and 

X 2 ' and X 3 ' may in addition denote -(N=N)- and at least one of the groups X 2 or X 3 
denotes -N=N-, 

R 4 , R 5 and R 8 independently of one another denote hydrogen, C\- to C 4 -alkyl, or C 6 - 
to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote Q- to C 4 -aIkyl-((>0, C 6 - 
to Cio-aryl-(C=0)-, C r to C 4 -alkyl-(S0 2 )-, or C 6 - to Cio-aryl-(S0 2 )-. 
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Also, polymers are particularly preferably used in the process according to the 
invention that contain in^ addition to dye side groups of the formula (I), 
dimensionally anisotropic side groups of the formula (II), 

in which 

Ar l denotes a radical of the formula (III), wherein the two bonds are in the p- 
position, 

Ar 2 denotes a radical of the formula (VI), wherein the two bonds are in the p- or 
m-position, 

Ar 3 denotes a radical of the formulae (VII) or (V), wherein the two bonds in 
(VII) are in the p-position, 

y denotes 1 or 2, 

z denotes 0, 1 or 2 and 

X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings if y and/or z denote 2, 
A denotes O or S, 

Q l and Q 2 independently of one another denote -O, -(N-R 5 )-, -(OO)-, -( NR 5 -CO)-, 
or -0-C 6 H 5 -COO- 

T 1 and T 2 independently of one another denote -(CH 2 ) P -, 

S 1 and S 2 independently of one another denote a direct bond, -O- or -NR 9 -, 

p denotes an integer from 2 to 8, in particular 2 to 4, 
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R 9 denotes hydrogen or methyl, 

R n to R 22 independently of one another denote hydrogen, halogen, cyano, nitro, 
methyl, methoxy, phenoxy, phenyl, acetyl-, benzoyl-, CH 3 -(S0 2 )-, CH 3 -(C=0)-O, 
5 CH 3 -(C=0)-NH-, or CH 3 ~NH-(00)-, 

X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 or X 4 -R 4 , 

X r , X 2 ', X 3 " and X 4 ' denote a direct bond, -O, -(N-R 5 )-, -(OO)-, 
10 -(CO-NR 5 )- or -(S0 2 K 

R 4 , R^ and R 8 independently of one another denote hydrogen, Ci- to C 4 -alkyl, or C6- 
to Cio-aryl and 

15 R 4 and R^ independently of one another denote Cp to C 4 -alkyl-(C=0, C 6 - to C10- 



Likewise also preferred are the monomers of the formulae (la) and (Ila), wherein the 
radicals have the preferred and particularly preferred meanings of the formulae (I) 
20 and/or (II), and 



Chromatophore monomers (la) that are particularly preferably used in the process 



aryl-(C=0)-, C r to C 4 -alkyl-(S0 2 K or C 6 - to C, 0 -aryl-(SO 2 )-. 



R 



denotes hydrogen and particularly preferably denotes methyl. 



25 



according to the invention include: 



CN 



O 



o 




30 
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In addition to these functional building blocks (la) and (Ha) the oligomers or 
polymers used in the process according to the invention may also contain building 
blocks that serve primarily to reduce the percentage content of functional building 
blocks, in particular the content of dye building blocks. In addition to this objective 
they may also be responsible for other properties of the oligomers or polymers, for 
example the glass transition temperature, liquid crystallinity, film-forming 
properties, etc. 

For polyacrylates or polymethacrylates such monomers are acrylic or methacrylic 
acid esters of the formula (Ilia) 




R~ (Ilia), 

in which 



denotes hydrogen or methyl and 
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5 R 23 denotes optionally branched C r to C 2 o-alkyl or a radical containing at least 
one further acrylic unit. 

Polyacrylates and polymethacrylates used in the process according to the invention 
then preferably contain as repeating units those of the formulae (la), preferably those 
10 of the formulae (la) and (Ha) or of the formulae (la) and (Ilia) or those of the 
formulae (la), (Ha) and (Ilia). 

Several of the repeating units of the formula (la) and/or of the repeating units of the 
formulae (Ila) and/or (Ilia) may also be present. 

15 

The quantitative ratio between la, Ha and Ilia is arbitrary. Preferably the 
concentration of la is, depending on the absorption coefficient of la, between 0,1 and 
100% referred to the relevant mixture. The ratio of la to Ila is between 100:0 and 
1:99, preferably between 100:0 and 30:70, and most particularly preferably between 
20 100:0 and 50:50. 

The polymers and oligomers used in the process according to the invention 
preferably have glass transition temperatures T g of at least 40°C. The glass 
transition temperature may be measured for example according to B. Vollmer, 
25 Grundrifi der Makromolekularen Chemie (Outline of Macromolecular Chemistry), 
pp. 406-410, Springer- Verlag, Heidelberg, 1962. 

The polymers and oligomers used in the process according to the invention have a 
weight average molecular weight of 5,000 to 2,000,000, preferably 8,000 to 
30 1,500,000, measured by gel permeation chromatography (calibrated with 
polystyrene). 

Graft polymers are prepared by the free-radical bonding of monomers (la) that carry 
the dye group of the formulae (I) as well as optionally in addition the bonding of 
35 monomers (Ila) that carry the dimensionally anisotropic groups of the formula (II) 
and/or likewise in addition the bonding of monomers of the formula (Ilia), to 
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5 oligomeric or polymeric base systems. Such base systems may include the widest 
possible range of polymers^ for example polystyrene, poIy(meth)acrylates, starch, 
cellulose and peptides. The free-radical bonding may take place by irradiation with 
light or by the use of reagents that produce free radicals, for example tert.-butyl 
hydroperoxide, dibenzoyl peroxide, azodiisobutyronitrile, hydrogen 
10 peroxide/iron(II) salts. 

Through the structure of the polymers and oligomers the intermolecular interactions 
of the structural elements of formulae I with one another or of formulae la and Ha 
with one another may be adjusted so that the formation of liquid crystalline order 
15 states is suppressed and optically isotropic, transparent non-scattering films, sheets, 
plates or tuboids can be produced. On the other hand the intermolecular interactions 
are still sufficiently strong for a photochemically induced, co-operative, targeted 
reorientation of the photochrome and the non-photochrome side groups to take place 
under irradiation with light. 

20 

Preferably interactions occur between the side groups of the repeating units of 
formula la or between those of formulae la and Ila that are sufficient for the photo- 
induced configurational change of the side groups of formula I to produce an aligned 
- so-called co-operative - reorientation of the other side groups la and/or IL 

25 

All polymers and monomers claimed in the process according to the invention are 
similarly the subject of the invention. The application also provides for the use of 
these substances in physical processes. All polymers, oligomers and monomers 
mentioned in the application and their use for DVD storage systems, optionally 
30 using double refraction as a measurement signal, are likewise the subject of the 
application. 

Extremely high values of the optical anisotropy can be induced in the optically 
isotropic amorphous photochrome polymers (An up to 0.4). The expression 
35 optically isotropic denotes polymer samples that are not optically opaque, i.e. that 



WO 01/26105 PCT/EPOO/09269 

-38- 



5 exhibit no noticeable light scattering in light scattering experiments with light of a 
wavelength in the range between 380 and 820 nm. 

In this connection it is understood that the ratio of the sum of the scattered light 
intensity to the incident light intensity is less than 10" 3 , preferably less than 10" 4 , 
10 particularly preferably less than 10" 5 and most particularly preferably less than 10* 6 . 

Under the influence of actinic light order states are generated and modified in the 
polymers or oligomers and the optical properties are thereby modulated. 

15 Polarised light whose wavelength lies in the region of the absorption bands, 
preferably in the region of the long-wave n-rc* bands of the repeating units of the 
formula la, is used as light. 

The production of the polymers and oligomers may be carried out according to 
20 processes known in the literature, for example according to DE-A 276 297, DE-A 3 
808 430, Makromolekulare Chemie 187, 1327-1334 (1984), SU 887 574, Europ. 
Polym. 18, 561 (1982) and Liq. Cryst. 2, 195 (1987). 

Films, sheets, disks and cuboids can be successfully produced without the need for 
25 complicated and expensive orientation methods involving external fields and/or 
surface effects. They can be applied to substrates by spincoating, dipping, casting or 
other technologically easily accomplished coating processes, can be introduced 
between two transparent disks by pressing or inflow, or can simply be prepared as a 
self-supporting material by casting or extrusion. Such films, sheets, disks and 
30 cuboids can also be produced from liquid crystalline polymers or oligomers that 
contain structural elements in the aforedescribed sense, by sudden cooling, i.e. at a 
cooling rate of >100 K/min, or by rapid removal of the solvent. 

Optically transparent materials, for example glass or thermoplastics, preferably 
35 polycarbonate, are suitable as substrate materials. If the information is written and 
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5 read not through the substrate but through the protective layer, then the substrate 
material no longer has to satisfy the requirement of optical transparency. 

It may also be convenient to match the mass density of the covering layer that 
protects the light-active polymer film against mechanical damage, accurately to the 

10 mass density of this polymer film, preferably to a residual difference of less than 0.5 
g/cm 3 , particularly preferably to less than 0.1 g/cm 3 and most particularly preferably 
to less than 0.05 g/cm 3 . If in fact the flow behaviour of the covering layer is suitably 
optimised, then this layer completely follows the forced topographical change in the 
interface between the storage medium and covering layer that occurs during the 

1 5 writing, and no hollow spaces are formed in the interface. In this case however no 
restoring force exists after the writing, by means of which the written interface 
topography could be levelled again or otherwise altered. In other words, the 
information written as interface topography is extremely storage-stable. 

20 In principle any optical imaging system whose image brightness depends largely on 
the height co-ordinate and/or on the local orientation of the formed interface element 
is suitable as optical measurement system for reading the topographical information 
written in the storage medium. For example, measurement methods that are 
employed in optical profileometers. for example from Rodenstock, or in confocal 

25 laser scanning microscopes, for example from Leica Mikrosysteme, may be 
successfully used, in which connection in the latter case all structural elements that 
are necessary for scanning the laser beam may of course be omitted. 

The contrast mechanism may be based on the principle of interference between 
30 beam portions originating from parts of the scanned sample spot lying at different 
depths, as well as on primarily geometrical-optical effects, for example the 
inclination contrast: the parts of the surface of the scanned sample spot that are 
strongly inclined relative to the horizontal deflect the reflected radiation into spatial 
angular ranges that are no longer covered by the measurement optics system, and the 
35 reflection image of the surface-modified sample site becomes dark. 
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5 The media that can be subjected to the aforedescribed storage process are built up 
from at least one substrate material (of plastics, e.g. polycarbonate, PMMA, cyclic 
polyolefines, polycarbonate copolymers, etc.) and at least one functional covering 
layer of the aforedescribed functional storage layer. Furthermore additional non- 
metallic intermediate layers/covering layers may also be arranged between the 
10 substrate layers and the function layers, as well as on the function layer itself. 

It is already known from the literature that in the case of the materials class 
comprising photoaddressable polymers, among which the polymers described in 
more detail above may also be included, surface gratings can be produced when 

15 writing holographic gratings (C. Barret. P. Rochon and A. Natansohn. J. Chem, 
Phys. 109 (4), 1505 (1998), D.Y. Kim, S.K. Tripathy, L.Li and J. Kumar, Appl. 
Phys. Lett. 66 (10), 1166 (1995), N. Holme, L. Nikolova, P.S. Ramanujam and S. 
Hvilsted, Appl Phys. Lett. 70, 1518 (1997)): the overlapping of two linearly 
polarised laser beams produces an interference pattern. If a sample is located at the 

20 site of this interference pattern, then polymers can be found that follow this light 
pattern with a modification of the surface. 

It has to be said that it is extremely surprising that it is possible just by local 
illumination with an individual strongly focused light that is guided in a scanning 
25 manner over the surface, to change the surface topography locally to such an extent 
that it can then be reliably read with an optical measurement system without the 
function layer thereby being destroyed. Such high contrasts were hitherto possible 
for example only by laser ablation or by vaporisation of for example dye layers in 
CD-R applications. 

30 

Light-induced reorientations of the side chains bonded to the polymer backbone are 
decisive for the functional capability of the process according to the invention. On 
absorption of the incident light quanta configurational changes occur in the involved 
and neighbouring molecules (trans-cis-trans-isomerisation cycles of the azo dyes, 
35 co-operative entrainment of the adjacent mesogenic groups). The incident light 
energy is thus largely used in assisting the molecules to find a new configurational 
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5 arrangement. The heat that is also released during the absorption appears to assist 
the rearrangement effect. "Sausage" or "spherical" arch formations that produce a 
marked drop in the inclination-dependent local signal under optimised optical 
scanning are thereby formed depending on the guidance of the irradiation. 

10 The process according to the invention enables digital information to be written for 
example on CD-R-like plastics disks having writing speeds and storage densities 
similar to those of CD-R, but with the advantage of assured long-term stability, 
since the readability of the written information can be impaired only by external 
damage to the storage disk. The written-in structuring in the surface topography can 

15 be changed only by heating this layer close to its glass transition temperature. By 
virtue of the polymer architecture the glass transition temperature is significantly 
above 100°C, preferably above 150°C, with the result that thermal destruction of 
stored information can be avoided by proper storage of the storage disk. 

20 A further advantage of the process according to the invention is the significantly 
improved signal deviation during optical reading of the information, compared to the 
hitherto commercially used processes. As already mentioned in more detail 
hereinbefore, the signal deviation is so large that for example the use of a confocal 
reading method on an additional reflecting layer can be dispensed with. 

25 

The invention accordingly describes a storage process in which a storage medium 
comprising at least one substrate layer and at least one recording layer can be 
subjected to the storage of digital binary or non-binary information by means of a 
focused laser beam that can for example be scanned in a continuous or pulsed 
30 manner over the sample surface and that can be focused, depending on the layer 
structure in the case of multiple layers, onto the relevant function layer. 
Alternatively the laser scanning can be dispensed with if another way of effecting 
relative movement between the medium and laser spot is employed, for example by 
rotating the medium. 



35 
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5 The layer thickness of the function layer is, depending on the specific absorption 
(extinction per layer thickness) of the layer in a range between 0.05 and 100 |im, 
preferably between 0.1 and 10 jam, and most particularly preferably between 0.1 and 
2 n.m. The layer thickness may be determined either from the specific absorption of 
the function layer measured in a preceding measurement process and from the 
10 extinction of the function layer, or mechanically (by damaging the layer and 
scanning with a profileometer, for example from the Tencor Company. 

The layer thickness of the at least one protection layer is in a range between 0.1 and 
1000 )im, preferably between 0.1 and 100 |im, and particularly preferably between 
15 0.5 and 10 ^im. 

At the wavelength of the laser that is used to write the surface topography, the 
optical density of the function layer is in a range between 0.3 and 20, preferably 
between 0.5 and 10, particularly preferably between 0.7 and 8, and most particularly 
20 preferably between 1 and 5. 

The intensity of the laser that is used for the writing is in the output range of 
commercial laser diodes: intensities of between 150 |iW and 100 mW, preferably 
between 500 |iW and 50 mW, particularly preferably between 750 fxW and 30 mW, 
25 and most particularly preferably between 1 mW and 20 mW, are used. If the same 
laser is also used for reading, then its intensity must be less than the intensity used 
for writing, preferably by a factor of 10, particularly preferably by a factor of 100, 
and most particularly preferably by a factor of 1000. 

30 If a laser whose wavelength does not lie in the absorption range of the dyes of the 
polymers is chosen to read the information, then the output density of the laser beam 
may be even higher than that of the writing laser. Since the maximum permissible 
reading speed in the case of present- day commercial systems is already limited by 
the quantum noise of the measurement signal, this means that in the case of a system 

35 according to the invention the reading speed can be significantly raised by using a 
high output reading laser. 
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5 Depending on the wavelength of the laser that is used, the laser beam is focused by 
commercially available and/or specially optimised lens systems and object lenses. 

The dimension of the laser beam (full half-value width) is in a range between 
300 nm and 8 |um, preferably between 300 nm and 950 nm, particularly preferably 
10 between 350 nm and 800 nm, and most particularly preferably between 380 nm and 
650 nm. 



Furthermore, this effect should also be achieved in the optical near field. In this case 
the dimension is less than 100 nm, preferably less than 50 nm, and most particularly 
1 5 preferably less than 10 nm. 

In the process according to the invention a depression of at least 10 nm, particularly 
preferably of at least 50 nm, and most particularly preferably of at least 100 nm, is 
preferred as change in the surface topography of the light-active layer of the storage 
20 medium. 



The depression produced in the storage medium in the process has a width in one 
direction, measured on the original surface, of less than 10 (am, preferably less than 
5 \x.m and particularly preferably less than 1 \im. 

25 

In the preferred process according to the invention a signal deviation of at least 
carrier/noise = 20 dB, particularly preferably at least 40 dB and most particularly 
preferably at least 60 dB is written in the storage medium. 

30 Carrier noise ratio is defined as follows: C/N = 20 log (IsignaAiotse, Isignai = measured 
detection signal and I n0 i S e = noise level. 

The focused laser beam is guided for example by deflecting the laser beam by means 
of a mirror having a controllable and adjustable angular setting (Scanoptik) or by 
35 rotating the substrate under the focused laser spot. The relative velocity between the 
medium and laser spot is in a range between 0.01 m/sec and 600 m/sec, preferably 
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5 between 0.2 m/sec and 100 m/sec, particularly preferably between 0.5 m/sec and 75 
m/sec and most particularly preferably between 1 m/sec and 60 m/sec. 

In order to detect the light-induced surface modification, an arrangement identical to 
that also used for the writing may for example be used. For this purpose the output 
10 density of the writing laser may for example be reduced. Alternatively another laser 
source may for example also be used, preferably lasers that emit at longer 
wavelengths than the writing laser. In this case the reading wavelengths are 
preferably at least 20 nm, particularly preferably 50 nm and most particularly 
preferably 100 nm greater than the writing wavelengths. 

15 

Dynamic exposure experiments may be carried out in a suitable recorder 
arrangement on two-dimensional structures. To this end light pulses from a laser 
(the so-called writing laser) focused onto the recording layer are used, in order to 
write information locally on a circular or spiral track. The wavelength of the writing 
20 laser is in the absorption range of the dye molecules of the recording material, 
preferably at wavelengths between X = 380 nm and X = 820 nm, particularly 
preferably at wavelengths between X = 385 nm and X = 780 nm, and most 
particularly preferably at wavelengths between X — 385 nm and A. = 660 nm. 

25 The substrate coated with the recording material rotates at 60 to 60000 revs/min, 
preferably at 100 to 10000 revs/min, particularly preferably at 200 to 1000 revs/min. 
At a pulse duration of the writing laser of 4 ns to 10 ^s, preferably 10 ns to 1 |xs, the 
pulses are focused at spatial distances of 0.3 to 50 fim, preferably 0.3 to 10 jim, onto 
the recording layer. 

30 

The initial output of the modulable writing laser is in the range from 0.15 to 
100 mW, preferably between 0.5 and 50 mW, particularly preferably between 0.75 
and 30 mW, and most particularly preferably between 1 mW and 20 mW. The 
writing laser beam is focused onto the recording layer, which was applied from 
35 solution onto a mirror-coated substrate. The diameter of the focal point is 0.30 to 
8 |im, preferably 0.30 to 0.95 |im, particularly preferably 350 nm to 800 nm, and 
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5 most particularly preferably 380 nm to 650 nm. In the near field the focal point is 
less than 100 nm, preferably less than 50 nm, and most particularly preferably less 
than 10 nm. In the laser light focal point output density of up to 100 MW/cm 2 are 
reached. The energy density of a pulse is in the range from 1 mJ/cm 2 to 100 J/cm 2 . 
The polarisation of the writing laser is preset by conventional polarisation systems 
10 (quartz optics, LC components) and is inter alia linearly or circularly polarised, 
preferably linearly polarised. 

A suitable modulator converts a computer-generated voltage pulse sequence into an 
intensity pattern that locally changes the anisotropy existing in the recording film. 

15 

It has been experimentally found that the light pulses of the writing laser have, 
depending on the energy, different effects on the polymer layer: 

1 . For small pulse energies, changes are induced by the light pulses in the level 
20 of the double refraction of the recording material, as already described in Le 

A 31 135. These changes in the molecular orientation distribution are 
induced by photons and/or thermally. 

2. With increasing pulse energy it was found that the light from the writing 
25 laser has a second effect on the recording layer: surprisingly a modification 

of the surface of the recording material is produced. The laser pulse 
generates a crater-like shape having a central depression and edge 
accumulations. This surface structure has maximum lateral dimensions that 
exceed the diameter of the focal point by 10 to 30%. The profile depth 
30 increases with the pulse energy and can approach the value of the layer 

thickness, and may typically be up to 60% to 80% of the layer thickness. 

The threshold for the energy density of a light pulse at which the surface effects 
described in Point 2 exceed the typical roughness of a surface of the recording layer 
35 of 2 to 6 nm, lies between 10 mJ/cm 2 and 100 J/cm 2 , preferably between 20 mJ/cm 2 
and 10 J/cm 2 and particularly preferably between 50 mJ/cm 2 and 1 J/cm 2 . 
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5 

As recording medium a layer arrangement is used that comprises at least one 
substrate layer and at least one recording layer. 

The storage media are prepared for example by spincoating a solution of the 
10 polymer onto a substrate material. For this purpose conventional solvents such as 
THF or DMF are employed. 

The invention also describes the use of such a treated two-dimensional structure in 
the area of optical components, for example as diffraction elements. 

15 

The process according to the invention furthermore includes the use of polymers that 
preferably contain at least one side chain of the formula (I). 

in which 

20 

-(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 



25 




X 3 ' denotes -N=N- or -CO-NH- 

30 

and the other radicals have the aforementioned general preferred and particularly 
preferably meanings. 

These polymers are likewise a subject of the invention. 



35 
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5 

Preferably 

X 3 ' denotes -N=N- or -CO-NH-, 
1 0 X 4 denotes hydrogen or methyl, 
A denotes S, 

R 19 to R22 independently of one another denote hydrogen, methyl or methoxy 

15 

and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

In the process according to the invention the use of polymers that contain at least 
20 one side chain of the formula (I) is furthermore preferred, 

in which 

-(X 3 -Ar) z -X 4 denotes a radical of the formula 

25 



30 




X 3 ' denotes -O-, -(S0 2 )-, -(C=0)-, -(N-R 5 )-, -(CO-NR 5 )- or -C(R 6 R 7 )- 

35 
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5 and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

These polymers are likewise the subject of the invention. 
10 Preferably 

X 3 ' denotes -O-, -(S0 2 K or -(N-R 5 )-, 

X 4 denotes hydrogen, C\- to Cr alkoxy, Di-Ci- to C^alkylamino, Ci-, to C4- 
1 5 alkanoylamino, benzoylamino, cyano or nitro, 

R 19 to R 22 independently of one another denote hydrogen, methyl, methoxy or 



20 and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

In the process according to the invention the use of polymers that contain at least 
one side chain of the formula (I) is furthermore preferred, 

25 

in which 

-(X 2 -Ar 2 ) y - denotes a bivalent radical of the formula 



cyano, 



30 



35 



R 



15 




18 
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5 and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

These polymers are also the subject of the invention. 
10 Preferably 

R ]5 to R 18 independently of one another denote hydrogen, methyl, methoxy or 



1 5 In the process according to the invention the use of polymers that contain at least 
one side chain of the formula (I) is furthermore preferred, 

in which 

20 -(X r -Ar l )-X 2 - denotes a bivalent radical of the formula 



wherein X 1 and X 2 are in the m- or p-position relative to one another and X 1 and the 
azo group are in the o- or p-position relative to one another, 

and the other radicals have the aforementioned general, preferred and particularly 
35 preferred meanings. 



cyano, wherein the meanings in the two rings may be different. 



25 



30 
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5 These polymers are also the subject of the invention. 



Preferably 



X 1 ' denotes a radical of the formula 



10 



CH 




15 



in particular a radical of the formulae 



20 



CH, 



H 2 C 




25 



CH 



H 2 C 




H, Alkyl 

3 | 

T X 



30 



CH 




or 



35 




H, Alkyi 
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10 




15 



20 



25 



30 



X 2 ' denotes -N=N- or -CO-NH-, 

X 4 denotes hydrogen, C r to C 4 -alkoxy, Di-C r to CValkylamino, d- to C 4 - 
alkanoylamino, benzoylamino, cyano or nitro, wherein X 4 in the p-position 
to the azo group is particularly preferred, 

R 15 to R 22 independently of one another denote hydrogen, methyl, methoxy or 
cyano, wherein one of the radicals R 19 to R 22 may denote a radical of the 
formula 



which is particularly preferably in the m- or p-position relative to the azo group, 
in which 

X 4 denotes hydrogen, Ci- to C4-alkoxy, Di-d- to C 4 -alkylamino, C r to C 4 - 
alkanoylamino, benzoylamino, cyano or nitro and 

R 19 to R 22 independently of one another denote hydrogen, methyl, methoxy or 
cyano, and 

S 1 , T 1 and Q 1 have the aforementioned general, preferred and particularly preferred 
meanings. 

The present invention also provides monomers of the formula (la), 
in which 
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5 



-(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 



10 




( 21 



X 



denotes -N=N- or -CO-NH- 



15 



and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings, 

as well as their use in the production of polymers of the formula (I). 

20 

Preferably 

X 3 ' denotes -N=N- or -CO-NH-, 
25 X 4 denotes hydrogen or methyl, 
A denotes S, 

R 19 to R 22 independently of one another denote hydrogen, methyl or methoxy 



and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

The invention also provides monomers of the formula (la) in which 



30 



35 



-(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 
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1 5 X 3 ' denotes -O-, -(S0 2 )-, -(C=0)-, -(N-R 5 )-, -(CO-NR 5 )- or -C(R 6 R 7 )- 

and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings, 

20 as well as their use in the production of polymers of the formula (I). 
Preferably 

X 3 ' denotes -O-, -(S0 2 )-, or -(N-R 5 )-, 

25 

X 4 denotes hydrogen, C,- to C 4 - alkoxy, Di-C,- to C 4 .alkylamino, C,-, to C 4 - 
alkanoylamino, benzoylamino, cyano or nitro, 

R 19 to R 22 independently of one another denote hydrogen, methyl, methoxy or 
30 cyano, 

and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings. 

35 The invention also provides monomers of the formula (la) in which 
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5 -(X 2 -Ar 2 ) y - denotes a bivalent radical of the formula 



R ,7 v R 16 



10 




15 and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings, 

as well as their use for producing polymers of the formula (I). 
20 Preferably 



R 15 to R 18 independently of one another denote hydrogen, methyl, methoxy or 
cyano, wherein the meanings in the two rings may differ. 



25 The invention also provides monomers of the formula (la), in which 



-(X 1 -Ar^-X 2 denotes a bivalent radical of the formula 



30 



35 
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5 

wherein X 1 and X 2 are in them- or p-position relative to one another and X 1 and the 
azo group are in the o- or p-position relative to one another, 

and the other radicals have the aforementioned general, preferred and particularly 
preferred meanings, 

10 

as well as their use for producing polymers of the formula (I). 
Preferably 




15 X 1 denotes a radical of the formula 

CH 3 

H 2 C^^ S - T - Q -X 1 
O 

20 

in particular a radical of the formulae 




20 



25 



35 



.1 D O IS IS Si fct „ o S ;X *H O 
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H t Alkyl 



10 

X 2 ' denotes -N=N- or -CO-NH-, 

X 4 denotes hydrogen, Ci- to C4-alkoxy, Di-Ct- to Chalky lamino, Ci- to C4- 
alkanoyl amino, benzoylamino, cyano or nitro, wherein X 4 is particularly 
1 5 preferably in the p-position relative to the azo group, 



R 15 to R 22 independently of one another denote hydrogen, methyl, methoxy or 
cyano, wherein one of the radicals R 19 to R 22 may denote a radical of the 



formula 




that is particularly preferably in the m~ or p-position relative to the azo group, 



in which 

30 X 4 denotes hydrogen, C\- to C4-alkoxy, Di-C r to C4-alkyl amino, C\~ to C4- 
alkanoylamino, benzoylamino, cyano or nitro, and 

R 19 to R 22 independently of one another denote hydrogen, methyl, methoxy or 
cyano, and 



S , T and Q have the aforementioned general, preferred and particularly preferred 
meanings. 
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5 The process according to the invention is described in more detail hereinafter with 
the aid of the following examples. 

Examples 

10 Example 1 

Dynamic writing experiments in an adapted recording unit 

Dynamic exposure experiments were carried out in a fully automated manner with a 
15 recorder described in more detail hereinbelow, on a mirror-coated substrate wetted 
with a (250±30) nm thick layer of polymers of the formulae 




A double refraction of 0.1 was written two-dimensionally in a recording layer with a 
(describe the device accurately), the polarisation direction of the pre-exposure being 
30 45° to the radius. The substrate rotated at 600 revs/min. At a pulse duration of 
10 jis and a computer-controlled adjustable track radius of 1.6 to 4.9 cm, the 
memory locations were then 10 to 35 jim apart. 

A diode-pumped Nd:YAG laser (from Coherent) was used as writing laser, whose 
35 second harmonic (wavelength 532 nm) passed through an acousto-optical modulator 
(from Isomet) and was coupled via a fibre into the recorder. The emitting power 
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5 after the fibre was a maximum of 18 mW. Alternatively a LASER diode could also 
be used, which is directly modified and in this way generates variously intensive 
LASER pulses. The writing beam passed through a dichroitic beam splitter and was 
focused onto the recording layer. The diameter of the focal point was (7±1) \xrn. 
The pulse energy was varied in a computer-controlled manner in 1000 equidistant 
10 steps of 0.1 to 100 J/cm 2 . The writing laser was polarised at 45° to the radial 
direction and at 90° to the pre-illumination direction of the PAP layer. The acousto- 
optical modulator converted a computer-generated voltage pulse sequence into an 
intensity pattern that gradually locally extinguished the anisotropy existing in the 
polymer film. 

15 

In the recorder a semiconductor laser diode (reading laser) of wavelength 670 nm 
(output 20 mW) was coupled via the dichroitic beam splitter laterally into the 
writing beam path and focused onto the information carrying track of the recording 
layer. The diameter of the focal point was 1 1 [im. The light from the reading laser 

20 was reflected at the aluminium layer of the substrate and passed twice through the 
recording layer. A polarisation-dependent beam splitter decoupled the depolarised 
portions of the back-reflected light sideways, so that it could be detected by a 
photoelectric cell. The grey levels were made visible electronically using a high- 
pass unit. The height of the intensity level was adjusted via the energy of the 

25 respective writing pulse. 

It was found that with increasing pulse energy there was a modification of the 
surface of the recording layer. The crater-like shape that the laser pulse had created 
extended 9 nm in the radial direction. The profile depth increased with the pulse 

30 energy. Up to pulse energies of 10 J/cm 2 (intensity lMW/cm 2 ) the modifications 
had a maximum size of 3 nm. This corresponds to the typical roughness of a 
polymer layer deposited by centrifugation from solution. The modification of the 
recording layer was so marked at the maximum available energy of 100 J/cm 2 
(intensity 10MW/cm 2 ) that its shape could easily be resolved using an atomic force 

35 microscope (AFM). The central depression was (70±10) nm. (30±5) nm high 
accumulations could be observed at the edge. 
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5 

Example 2 

Functional capability of the writing and reading processes 

1 0 The functioning of the aforedescribed storage process may be illustrated for example 
by means of a confocal laser scanning microscope (CLSM). A commercial item of 
equipment from Leica (TCS/NT equipment) was used in this example. This CLSM 
is a microscope in which the laser can furthermore be modulated and/or pulsed with 
the aid of an AOM. The contrast-producing mechanisms were discovered by means 

1 5 of REM and AFM investigations and compared with the confocal contrast of the 
CLSMs. The CLSM was operated with a 16x object lens. A wavelength of 488 nm 
was used to write the information. The output on the sample surface was 150 ^W, 
and the diameter of the laser spot was 940 nm. The output density at the sample site 
was calculated therefrom as: 



20 



P = 2.16x 10 7 mW/cm 2 



The duration of the scanning of a line was 2.2 ms, of which 0.77 ms represented the 
actual scanning of the line (remainder: cusp points, reflected light, etc.). The lateral 

25 dimension of the line could be fixed by the choice of visual field, the smallest visual 
field being 20 nm. On enlarging the visual field, both the time required for scanning 
a line (0.77 ms) as well as the output density on the sample remained the same, and 
only the scanning range, i.e. the length of the line, increased. This accordingly leads 
to an increase in the scanning rate, which effectively means a reduction of the 

30 residence time of the laser on a particular polymer point. 

In order to effect the writing, the argon laser (488 nm) was repeatedly switched on 
and off within the scanned line by means of an AOM. The scanning of the line 
could be repeated with a high degree of precision in successive experiments without 
35 the positions of the individual pixels being significantly smeared. 
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5 The written lines were detected with an HeNe laser. This laser has on the one hand 
the great advantage that,- since its wavelength lies outside the absorption 
wavelengths of the polymers, it simply makes diffractive and no absorbing 
contributions to the detected signal. Secondly, this wavelength is not able to induce 
any noticeable molecular reorientations, which thereby ensures that the measured 
10 contrast ratios are solely produced by the irradiation with the argon laser. 

A ca. 1 \im thick sample of the polymer 




was used. 

25 

For the process according to the invention the formation of this surface-modification 
constitutes the actual contrast-producing mechanism. 

Example 3 

30 

Storage stability 

The sample in which a surface modification was written in Example 1 was stored for 
1 month at 160°C. After this storage the sample was investigated again using a 
confocal microscope. The previously written surface modification was found to be 
35 unchanged when examined under both CLSM and AFM. 
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5 Example 4 

Comparison with confocal contrast in CD-R 

A commercial CD-R (KODAK, Digital Science CD-R, 650 MB, 74min) was 
written with a commercially available CD-burner (TEAC Company, CD-R55SK, 

10 CD-writer). The written CD was investigated in a CLSM from LEICA (TCS/NT) at 
a wavelength of 632 nm in a visual field of 20 [im x 20 urn. The written pits could 
be clearly recognised. The difference of the intensity values measured in the 
confocal reflection mode between unwritten and written regions was compared with 
the difference of the intensities along the surface topographies written in Example 1 : 

1 5 under identical settings the confocal contrast of the surface topographies written in 
Example 1 was greater by a factor of 2 to 3 than the contrast along the pits of the 
burnt CD. 

Example 5 

20 

Exposure through the covering layer 

A ca. 10 ^im thick UV-hardening covering layer (BAYER, Roskydal 2265, applied 
by spincoating at 3000 revs/min) was applied to the polymer on a sample produced 
as described in Example 1 and was exposed for 15 seconds under a commercially 

25 available lamp to cure the UV lacquers. A double refraction was then produced in 
the sample as described in Example 1, following which a pulse sequence was 
written, likewise as described in Example 1. Confocal investigations showed that, 
despite the covering layer, the surface topographies described in Example 1 could 
still be observed, and furthermore without the occurrence of any hollows, bubbles or 

30 similar defects at the interface between the storage medium and the covering layer. 
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Patent Claims 

1 . Process for the optical writing of optically readable digital information in a 
two-dimensional extended storage medium, characterised in that on account 
of the optical writing process the surface topography of the storage medium 
is suitable and sufficiently modified for the optical reading process, and more 
specifically without substantial portions of the detected signal resulting from 
a degradation and/or a physical or chemical modification of the areas 
adjacent to the absorber layer. 

2. Process according to claim 1, characterised in that polymer films are used as 
storage medium. 

3. Process according to claim K characterised in that a multi-layer disk is used 
as storage medium, which comprises at least one mechanically sufficiently 
stable substrate, at least one polymer film forming the light-active layer, and 
a covering layer. 

4. Process according to one or more of the preceding claims, in which a storage 
medium is used and the light-active layer predominantly comprises 
oligomers and/or polymers containing dyes that orientate under the action of 
light, preferably amorphous polymers, particularly preferably side group 
polymers. 

5. Process according to one or more of the preceding claims, characterised in 
that a polymer film whose mass density is closely matched to that of the 
light-active layer is used as covering layer. 

6. Process according to one or more of the preceding claims, wherein as light- 
active polymer films side-chain polymers, optionally block polymers and/or 
araft polymers are used, to which dyes are bound as side chains via a STQ- 
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spacer (formula I) and dimensionally anisotropic groups are likewise bound 
via a STQ-spacer (formula II), wherein formula I has the structure 



10 



—S^Ti-Q^X^-Arl-fx^-Ai^ (-X^Ar^X 4 



(0 



15 



-Ar- = 

where 




(no 
or 




(V) 



20 



-Ar 2 - 
where 




<VT) 



or 




(tv) or 



(V) 



25 




-CO- 



(V) 



in which 



30 



y denotes 1 or 2, 



z denotes 0, 1 or 2 and 



35 



X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings, if y and/or z 
denote 2, 



a, O O U 2& . O 5^ /! 3 
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5 A denotes O, S or N-C r to C 4 -alkyl, 

Q 1 and Q 2 independently of one another denote -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 ) P , 
-(OO)-, -(O-CO)-, -(NR 5 -CO)-, -(S0 2 )-, -(0-S0 2 )-, -(NR 5 -S0 2 -)-, - 
(ONR 8 )-, -(CNR 8 -NR 5 )-, -0-C 6 H 5 -COO- or a bivalent radical of the 
1 0 formula 

—N \l— 



15 T 1 and T 2 independently of one another denote -(CH2V, wherein the chain 

may be interrupted 
substituted by methyl, 



25 



30 



may be interrupted by -O-, -NR 9 -, or -OSiR 10 2O- and may be 



S 1 and S 2 independently of one another denote a direct bond, -O-, -S- or 



20 NR 9 -, 



P denotes an integer from 2 to 12, preferably 2 to 8, in particular 2 to 4, 
R 9 denotes hydrogen, methyl, ethyl, or propyl , 



R 10 denotes methyl or ethyl, 



R n to R 22 independently of one another denote hydrogen or a non-ionic 
substituent, 

X 4 denotes hydrogen, halogen, cyano, nitro, CF3, CCI3, -COO-Ci- to C 4 - 
alkyl or X 4 '-R 4 , 



35 



X 1 ', X 2 ' X 3 ' and X 4 ' denote a direct bond, -O-, -S-, -(N-R 5 )-, -C(R 6 R 7 )-, 
-(OO)-, -(COO)-, -(CO-NR 5 )-, -(S0 2 )-, -(SO2-O)-, (S0 2 -NR 5 )-, or 
-(CNR 8 -NR 5 )- and 



10 
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X 2 ' and X 3 ' may in addition denote -(C=NR 8 )-, -(N=N)- and at least one of 
the groups Xlor X 3 denotes -N=N-, 

R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, Ci- to 
C4-alkyl, or C6- to Cio-aryl and 

R 4 and R 5 in addition independently of one another denote Ci- to C 2 o-alkyl- 
(C=0)-, C 3 - to C, 0 -cycloalkyl-(C=O)-, C 2 - to C 20 -alkenyl-(C=O)-, C 6 - 
to C )0 -aryl-(C=O), Ci- to C 2 o-alkyl-(S0 2 )-, C 3 - to C, 0 -cycloalkyl- 
(S0 2 ), C 2 - to C 20 -alkenyl-(SO 2 )- or C 6 - to Ci 0 -aryl-(SO 2 ), wherein 



15 



by the term non-ionic substituents are understood halogen, cyano, nitro, C|- 
to C 2 o-alkyl, Ci- to C 20 -alkoxy, phenoxy, C 3 - to Cio-cycloalkyl, C 2 - to C 2 o- 
alkenyl, C 6 - to C, 0 -aryl, d- to C 20 -alkyl-(C=O)-, C 6 - to C, 0 -aryl-(C=O)-, Ci- 
to C 20 -alkyl-(SO 2 )-, C,- C 20 -a\kyHC=O)-O-, Ci- to C 20 -aikyl-(C=O)-NH-, 
20 C 6 - to C, 0 -aryl-(C=O)-NH-, C,- to C 20 -alkyl-O-(C=O)-, C,- to C 20 -alkyl-NH- 

(C=0)-, C 6 to Cio-aryl-NH-(C=0)- or a radical of the formula 




25 JY^ J^W (VUI) 



and the alkyl, cycloalkyl, alkenyl and aryl radicals in turn may be substituted 
by up to 3 radicals from the group comprising halogen, cyano, nitro, C\- to 
30 C 2 cralkyl ) Cp to C 2 o-alkoxy, C 3 - to Cio-cycloalkyl, C 2 - to C 20 -alkenyl or C6- 

to Cio-aryl, and the alkyl and alkenyl radicals may be straight-chain or 
branched, and 



35 



by the term halogen is understood fluorine, chlorine, bromine and iodine, in 
particular fluorine and chlorine, 
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and formula II is described by 



_ S 1_ T 1^1_ X !^I^ ( ,|) 



10 

wherein the above substituent definitions (formula I) are also valid for 
formula II, with the proviso that none of the groups X 2 or X 3 may denote 
-N=N- and R 1 1 to R 22 may not denote a radical of the formula (VIII). 

15 7. Process according to claim 6, characterised in that the dye side groups I are 
used, wherein substituents and formulae have the meanings defined in 
claim 6, and in addition 



20 



Ar 1 denotes a radical of the formula (III), 



Ar 2 denotes a radical of the formula (VI), 



Ar 3 denotes a radical of the formulae (VII) or (V), 
25 y denotes 1 or 2, 

z denotes 0, 1 or 2 and 

X 2 and Ar 2 and X 3 and Ar 3 may have different meanings if y and/or z 
30 denote 2, 

A denotes O or S, 



35 



Q 1 and Q 2 independently of one another denote -O-, -(N-R 5 )-, -(C=0)-, -(O- 
CO)-, -( NR 5 -COK -(S0 2 )-, -(0-SO 2 )-, -( NR 5 -S0 2 -)-, -0-C 6 H 5 - 
COO- or a bivalent radical of the formula 



luQai liii 1 Tiitf" Tn£^" .u 1- i»«iiJ T " ji«±f CjiT SS- -Ti,^}*- ^juT .>_JC. , ..^.f-.Tli-l"- tti»«» 1 
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10 T 1 and T 2 independently of one another denote -(CH 2 ) P - wherein the chain 

may be interrupted by -O-. -NR. 9 -, or -OSiR l0 2 O- and may be 
substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S-, or 
15 -NR 9 - 

p denotes an integer from 2 to 8. in particular 2 to 4. 
R 9 denotes hydrogen, methyl or ethyl, 
R 10 denotes methyl or ethyl. 



20 



R 11 to R 22 independently of one another denote hydrogen, halogen, cyano. 
nitro. C|- to C 20 -alkyl, C,- to C 20 -alkoxy, phenoxy, C 3 - to Cio- 
25 cycloalkyl, C 2 - to C 20 -alkenyl, C 6 - to C, 0 -aryl, C,- to C 20 -alkyl- 

(C=0)-. C 6 - to C, 0 -aryl-(C=O)-. C,- to C 20 -alkyl-(SO 2 )-, C,- to C 20 - 
alkyl-(C=0)-0-, C- to C 20 -alkyl-(C=O)-NH-, C 6 - to C l0 -aryl-(C=O)- 
NH-. C- to C 20 -alkyl-O-(C=O)-. C,- to C 20 -alkyl-NH-(C=O)-, C 6 - to 
C| 0 -aryl-NH-(C=O)- or a radical of the formula 

30 



3D 
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X 4 denotes hydrogen, halogen, cyano, nitro, CF 3 , CC1 3 , -COO-Ci to C 4 - 
alkylprX 4 '-R 4 , 

X r , X 2 ' X 3 ' and X 4 ' denote a direct bond, -O-, -(N-R 5 )-, -C(R 6 R 7 )-, -(C=0)-, 
-(CO-O)-, -(CO-NR 5 )-, -(S0 2 )- or (S0 2 -0)- and 

X 2 ' and X 3 " may in addition denote -(N=N)- and at least one of the groups X 2 
or X 3 ' denotes -N=N- 9 

R 4 , R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, d- to 
C 4 -alkyl, or C 6 - to Ci 0 -aryl and 

R 4 and R 5 in addition independently of one another denote Ci- to C 20 -alkyl- 
(C=0)-, C 3 - to Cio-cycloalkyl-(C=0)- 5 C 2 - to C 20 -alkenyl-(C=O)-, C 6 - 
to C 10 -aryl-(C=O)-, Ci- to C 20 -alkyHSO 2 )-, C 3 - to Cio-cycloalkyl- 
(S0 2 )-, C 2 - to C 20 -alkenyl-(SO 2 )-, or C 6 - to C 10 -aryl-(SO 2 )-. 

and dimensionally anisotropic side groups II are used wherein substituents 
and formulae have the meanings defined in claim 6, and in addition 

Ar l denotes a radical of the formula (III), 

At 2 denotes a radical of the formula (VI), 

Ar 3 denotes a radical of the formulae (VII) or (V), 

y denotes 1 or 2, 

z denotes 0, 1 or 2 and 

X 2 ' and Ar 2 and/or X 3 ' and Ar 3 may have different meanings if y and/or z 
denote 2, 



10 
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A denotes O or S, 

Q 1 and Q 2 independently of one another denote -O-, -(N-R 5 )-, -(C=0)-, -(O- 
CO)-. -( NR 5 -CO)-, -(S0 2 )-, -(0-S0 2 )-, -( NR 5 -S0 2 -)-, -0-C 6 H 5 - 
COO- or a bivalent radical of the formula 



-N* Vl— 
N f 



15 T 1 and T 2 independently of one another denote -(CH 2 ) P -, wherein the chain 

may be interrupted by -O-. -NR 9 -, or -OSiR 10 ?O- and may be 
substituted by methyl, 

S 1 and S 2 independently of one another denote a direct bond, -O-, -S-, or 
20 -NR 9 - 

p denotes an integer from 2 to 8. in particular 2 to 4. 

R 9 denotes hydrogen, methyl or ethyl, 



25 



R 10 denotes methyl or ethyl, 



R n to R 22 independently of one another denote hydrogen, halogen, cyano, 
nitro. Ci- to C 2 o-alkyl, Ci- to C 2 o-alkoxy, phenoxy. C3- to do- 
30 cycloalkyl. C 2 - to C 2 o-alkenyl, C 6 - to Cio-aryl, Q- to C 20 -alkyl- 

(C-O)-. C 6 - to Co-aryKC-OV. C,- to C 20 -alkyl-(SO 2 K Ci- to C 20 - 
alkyl-(C=0)-0-. C,- to C 20 -alkyl-(C=O)-NH-, C 6 - to C J0 -aryl-(C=O)- 
NH-. Ci- to C 20 -alkyl-O-(C=O), C,- to C 20 -alkyl-NH-(C=OK or C 6 - 
toC| 0 -aryl-NH-(C=O)-. 

35 
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X 4 denotes hydrogen, halogen, cyano, nitro. CF 3 , CC1 3 , -COOCi to C 4 - 
alkyl or X 4 -R 4 , 

X 1 ', X 2 ' X 3 ' and X 4 ' denote a direct bond, -O-, -(N-R 5 )-, -C(R 6 R 7 )-, -(OO)-, 
-(CO-O)-. -(CO-NR 5 )-, -(S0 2 )- or (S0 2 -0)- and 

R 4 . R 5 , R 6 , R 7 and R 8 independently of one another denote hydrogen, d- to 
C 4 -alkyL or C 6 - to C 10 -aryl and 

R 4 and R 5 in addition independently of one another denote Q- to C 2(r alkyl- 
(C=0)-. C 3 - to Cio-cycloalkyl-(C=0)-, C 2 - to C 20 -alkenyl-(C=O)-, C 6 - 
to C 10 -aryl-(C=O>, C r to C 20 -alkyl-(SO 2 )-, C 3 - to C l0 -cycloalkyl- 
(S0 2 )-. C 2 - to C 20 -alkenyl-(SO 2 )-, or C 6 - to Cio-aryl-(S0 2 )-. 

8. Process according to one or more of the preceding claims, wherein the 
storage medium on which information is to be written has a light-active layer 
of a thickness between 0.05 and 1000 jum. 

9. Process according to one or more of the preceding claims, wherein the 
storage medium that is used has an optical density at the wavelength of the 
writing laser of the light-active layer of between 0.3 and 20. 

10. Process according to one or more of the preceding claims, wherein in the 
storage medium that is used a depression is produced as a change in the 
surface topography of the light-active layer, said depression preferably 
having a depth of at least 10 nm. 

1 1 . Process according to one or more of the preceding claims, characterised in 
that a depression is produced in the storage medium having a width in one 
direction, measured on the original surface, of at least 10 jam. 
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12. Process according to one or more of the preceding claims, characterised in 
that the change in the surface topography of the storage medium is produced 
by laser light, preferably having wavelengths between 380 nm and 820 nm. 

13. Process according to one or more of the preceding claims, characterised in 
that the light has an intensity of between 150 and 100 mW and is 
focused on spots having a dimension (full half-value width) in a range 
between 10 nm and 8 jam. 

14. Process according to one or more of the preceding claims, characterised in 
that information can be written on storage media whose carrier layer 
comprises a polymer, preferably a thermoplastic polymer, particularly 
preferably polycarbonate. 

15. Process according to one or more of the preceding claims, characterised in 
that a signal deviation is written in the storage medium having at least a 
carrier/noise ratio of 20 dB. 

16. Process according to one or more of the preceding claims, wherein 
information can be written on storage media that contain, between the dye- 
containing layer and the further layer, an additional, light-reflecting layer, 
preferably from the group of metals comprising aluminium, silver, gold, 
particularly preferably from the group comprising aluminium and silver, and 
most particularly preferably aluminium. 

17. Process according to one or more of the preceding claims, wherein the 
storage medium on which information is to be written has no reflecting layer. 

18. Process according to one or more of the preceding claims, characterised in 
that the optical writing process is performed with polarised light of variable 
intensity, produced by a LASER with an acousto-optical modulator or by 
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modulation of a LASER diode, and the polarisation state of the reflected 
light is detected in a polarisation optics system. 

1 9 . Monomers of the formul a 



10 



15 



O 

^S^T^Q^X^Ar^— (xg-Ar 2 -)— (-X^-Ar^X 4 
R 1 

wherein R 1 denotes hydrogen or methyl and 

the other radicals have the meanings defined in claims 6 and 7, and 



(la) 



(X 3 -Ar 3 ) z -X denotes a radical of the formula 



20- 



25 




X 3 ' denotes -N=N- or -CO-NH-. 



30 



35 



20. Monomers of the formula (la) according to claim 19, wherein 



-(X 3 -Ar 3 ) z -X 4 denotes a radical of the formula 
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X 3 * denotes -O-, -(S0 2 )-, -(C=0)-, -(N-R 5 )-, -(CO-NR 5 )- or -C(R 6 R 7 )- 



21. Monomers of the formula (la) according to claim 19, wherein 



10 



15 



-(X 2 -Ar 2 ) y - denotes a bivalent radical of the formula 



R 17 x R 16 




20 



22. Monomers of the formula (la) according to claim 19, wherein 



-(X 1 -Ar 1 )-X 2 denotes a bivalent radical of the formula 



25 



30 




35 



wherein X 1 and X 2 are in the m- or p-position relative to one another and X 1 
and the azo group are in the o- or p-position relative to one another. 
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23. 



Monomers of the formula 




H, AlkyI 



O 



X 2 ' denotes -N=N- or -CO-NH-, 

X 4 denotes hydrogen, Ci- to C 4 - alkoxy, Di-Ci- to C 4 -alkylamino, C r , to 
C 4 - alkanoylamino, benzoylamino, cyano or nitro, wherein X 4 is 
particularly preferably in the p-position to the azo group, 

R 15 to R 22 independently of one another denote hydrogen, methyl, methoxy 
or cyano, wherein one of the radicals R 19 to R 22 may denote a radical 
of the formula 



which is particularly preferably in the m- or p-position relative to the azo 
group, 

in which 




X 4 " denotes hydrogen, C r to C 4 -alkoxy, Di-Q- to C 4 -alkyl amino, C t - to 
C 4 -alkanoylamino, benzoylamino, cyano or nitro and 
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R 19 ' to R 22 ' independently of one another denote hydrogen, methyl, methoxy 
or cyano. 

24. Polymers produced from monomers according to one or more of the 
preceding claims. 

25. Use of the monomers according to claims 19 to 24 for producing optical 
storage media. 

26. Storage media that can be obtained according to one or more of the 
preceding claims. 
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